Özet. Binalarda sönümleme sistemi kullanmak yapıya enerji girişini ve tepkisini azaltır ve binayı yıkılmaktan korumaktadır. Bu noktaya kadar yarı sert bağlantılı çelik çerçevelerin lineer olmayan davranışları ve histerik amortisörler ve davranış etkisini belirleme henüz araştırılmamıştır, bu çalışmada bu çerçevelerin araştırılması çalışılmıştır. Güncel çalışmada, sert, katı yarı sert, esnek yarı sert ve pim bağlantılı çelik çerçeveler ADAS amortisörleri tarafından, 4-katlı, 8-katlı, 12-katlı olmak üzere üç farklı yükseklikte, üç körfezde kolay analiz prosedürü tarafından onların davranış faktörünü kurmak için analiz edilmiştir. Dahası ADAS amortisörlü ve amortisörsüz çerçeveler arasında karşılaştırma da yapılmıştır. Bu yolla, ADAS amortisörlü çerçeveler için hesaplanmış davranış faktörü ve amortisörsüzler için 2800 kuraldan davranış faktörü kullandık ve bu çerçeveler lineer analiz ile analiz edilmiştir ve sonuçlar birinci tip periyodu, taban kesmesi, kat kaydırma ve her bir kat için toplam yer değiştirme gibi durumlarda karşılaştırılmıştır. Abstract. Using damping system in building frames would decrease response and entrance of energy to the structure and protects the buildings from happening collapse. By attending to this point that the non-linear behavior of the steel frames with semi-rigid connections and hysteric dampers and determining its behavior factor is not investigated yet, in this research, investigation of these frames are studied. In present work, steel frames with the rigid, hard semi-rigid, flexible semi-rigid and pin connection by ADAS dampers, in the three heights of 4story, 8story and 12story, in the three bays are analyzed by pushover analysis procedure to establish their behavior factor. And also a comparison is done between frames with ADAS damper and frames without them. In this way, we use calculated Behavior factor for frame with ADAS damper and Behavior factor from 2800 regulation for frame without them, and these frames are analyzed by linear analysis and the results are compared in different cases such as period of first mode, base shear, story drift and total displacement for each story.
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environmental factors (temperature, humidity, etc.) in their mechanical behavior [1, 2] . Whittaker et al. have presented an analytical procedure to define the load-deformation curve of the ADAS device, assuming the equivalent X-triangular shaped geometry. [3] Added damping and stiffness (ADAS) device has been studied by Whittaker [3] . The device consists of multiple x-steel plates of the shape shown in Figure 4 and installed as illustrated in the same Figure. The similarity of the device to that of Tyler [4] and Kelly [5] is apparent. The shape of the device is such that yielding occurs over the entire length of the device. This is accomplished by the use of rigid boundary members so that the x -plates are deformed in double curvature. Recently, a microscopic mechanist approach has been proposed for metallic dampers by Dargush & Soong [6] , the applicability of which could be tested for the ADAS device. Arturo Tena-Colunga [7] presented another method to determine the global element elastic stiffness, the element capacities & the load deformation curve of the ADAS device, based upon the flexibility method & fundamental principles of mechanics. Most of the resulting integrals are solved explicitly; closed-form solutions are then made available. Shake table tests of a 3-storey steel model structure by Whittaker [3] demonstrated that the ADAS elements improved the behavior of the moment-resisting frame to which they were installed by (a) increasing its stiffness, (b) increasing its strength, and (c) increasing its ability to dissipate energy. Ratios of recorded interstory drifts in the structure with ADAS elements to inter-story drifts in the moment-resisting frame were typically in the range of 0•3 to 0•7. This reduction is primarily an effect of the increased stiffness of the structure by the ADAS elements. ADAS elements have been very recently used in the seismic retrofitting of the Wells Fargo Bank, a 2-storey concrete building in San Francisco.
Added damping and stiffness (ADAS) elements are designed to dissipate energy through the flexural yielding deformation of mild-steel plates.
In this paper, also recent research findings on the effectiveness of using steel plate welded as the added damping and stiffness (ADAS) device for earthquake-resistant structure on an interesting type of semi-rigid steel framing connection which is commonly used in Iran (including in seismic zone) are presented.
DEFINITIONS AND CONCEPTS USED
In the following, the importance of using semi-rigid connections, introducing ADAS elements, evaluation the Behavior factor, capacity curve, ductility coefficient of the structure, power reduction coefficient, the overall structure Behavior factor, and yield deformation are briefly examined.
Importance of Using Semi-Rigid Connections
In steel structures two types of hinge and rigid connections are implemented in various forms. Nominal hinge connections have a percentage of moment fixity and the nominal rigid connections donot work as well as rigid; therefore, given the importance of these types of structures and the effect of flexible connections on the distribution of forces and deformation of members, these connections can be considered as semi-rigid connections with different percentage of rigidity.
In beams under uniform load with rigid end supports the highest moment is at the two ends and the lowest moment is at the midspan. In beams with end-hinged supports the highest moment is at the midspan and the lowest moment is at the two ends while in beams width semirigid end supports the moments at the midspan and at the ends are very close to each other. This will adjust the moments and makes the number of sections smaller. Therefore, if the connection can be implemented with certain hardness, the beam can be designed in an optimal state [8] .
How to Evaluate the Behavior factor
In order to make the plan economical against the earthquake forces, the building codes have permitted the use of structures inelastic capacity in order to absorb some of the energy resulting from the earthquake. Therefore, the current seismic design codes obtain the seismic forces to design a building through a linear range depending on the construction period and the soil condition of the building site and in order to consider the effect of inelastic behavior, energy dissipation due to hysteresis behavior, added damping and stiffness (ADAS element), it is converted to designing power via the resistance reduction factor (behavior factor). By idealizing the total behavior curve into complete elastic-plastic behavior curve according to figure (3), the seismic parameters can be obtained [6] . 
Added Damping and Stiffness (ADAS) Elements of Steel Plate
The ADAS (Added Damping and Stiffness) devices consist of a series of steel plates wherein the bottom of the plates are attached to the top of a chevron bracing arrangement and the top of the plates are attached to the floor level above the bracing. As the floor level above deforms laterally with respect to the chevron bracing, the steel plates are subjected to a shear force. The shear forces induce bending moments over the height of the plates, with bending occurring about the weak axis of the plate cross section. Thus, inelastic action occurs uniformly over the full height of the plates due to the geometrical configuration of the plates. To ensure that the relative deformation of the ADAS device is approximately equal to that of the story in which it is installed, the chevron bracing must be very stiff. In figure 1 braced frame with dampers element and in figure 2 , the ADAS element force and displacement is shown. In this research, the ADAS yielding metallic dampers are used in order to retrofit and optimize sections in structures with semi-rigid connections.
Capacity Curve
Capacity curve shows the relationship between the building base shear and the roof displacement. In order to obtain the capacity curve the nonlinear static analysis and an increasing lateral load pattern are usually used. It is possible to predict nonlinear behavior of the structures by using the capacity curve diagram. It can also be used to estimate structural ductility and hardness and to determine the structure strength against the lateral load. Moreover, the decrease or increase of strength of the structure members can be observed in it and the seismic parameters such as y  and y V can be obtained through the capacity curve. Figure (3) shows an example of capacity curve.
The Overall Structural Ductility Coefficient
The following Figure shows the general behavior of the conventional structure, and also its ideal behavior under lateral force. If the structure enters the linear region due to the seismic loading, its diagram will change as the broken line in the following figure.  and u  are respectively the displacement corresponding to the first plastic hinge in frame, displacement corresponding to the frame yield, maximum lateral displacement of the frame due to seismic loading.
V are respectively the shear force corresponding to the first plastic hinge in the frame, the shear force corresponding to structural failure, and the shear force corresponding to the elastic state in the frame.
The overall structural ductility factor is the ratio of maximum lateral displacement ) ( u  to the lateral displacement corresponding to the frame yield ( y  ) which is expressed as the following:
Force Reduction Coefficient (  R ) due to Ductility
Due to ductility and nonlinear behavior of structure, the linear force of Ve can reduce to Vy which is defined as the following:
So far, many studies have been done on the strength reduction factor due to ductility among which three equations of Newmark and Hall, Kravincler and Nasr, and Miranda Equation can be referred to. Each one of the researchers has expressed a relationship between Rµ and µs. in this research, the Miranda Equation has been used which will be referred to in the following.
According to extensive studies of Miranda, the Rµ coefficient is presented as the following simple formula [9] :
where  for the rocky lands, sedimentary lands, and the lands with soft soil is obtained through (4) to (6) equations:
where Tg is the period considered for the ground which is changeable for each kind of soil.
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In this research, the soil of the region is assumed to be sediment which is consistent with the soil type III of the Iranian 2800 regulation which is considered for the soil of the region. Therefore, the Equation (5) is used to calculate .
Added Resistance Coefficient
When one of the structure members reaches the yielding extent and the so-called dough hinge is formed in it, the structure strength ends in terms of operation design, but in the final design mode this phenomenon is not considered as the end of the structure strength because the considered member can still absorb the input energy by inelastic transformation until it reaches the failure and destruction state and can't tolerate additional lateral load anymore. The resistance that the structure shows after the formation of the first dough joint until the instability mechanism is called the added resistance. Rs is the added resistance coefficient due to the strain hardening.
The added resistance occurs since the formation of the first plastic joint until the total structure yield. In this research, the added resistance coefficient is calculated via the equation (7):
Y is the added resistance coefficient resulting from the structural uncertainty. Given that during the structure loading, after the base shear reaches the design shear and before the onset of yielding in structural members, the structure has the added resistance of y, the numerical value of Y is between1.4 to 1.5. In this paper, equals to 1.44.
Overall Structural Behavior factor
The behavior factor of the structure according to the coefficients obtained in previous sections is determined as follows:
Yield Deformation
So far, various definitions have been presented by the researchers to estimate the yield displacement Δy or to idealize the structures' response curve. In this research in order to determine the yield displacement Δy, figure (4) has been used according to the seismic rehabilitation of the existing buildings [8] . According to this figure, Δy is determined in such a way that the area under the two-line graph is equal to the area of the structural real behavior graph. Moreover, the first part of the two-line graph cuts the graph of the structural real behavior at 0.6Vy. The simultaneous satisfaction of the two conditions determines the structural Behavior factor more accurately. [11] According to Astaneh classification [8] , the connections are classified as the following: Table (1) shows the values used in the research. To avoid the repetition of the names of frames abbreviated terms are used, so that the letter A is used at the beginning of the name of frames with metal dampers and then the name and the type of frame connection are abbreviated. In this way, H is used for hinge connection, SF is used for semi-rigid flexible connection, SH for semi-rigid hard connection, and R for the rigid connection.
Non-Linear Analysis and Determining the Behavior factor of the Studied Frames
In order to calculate the Behavior factor of the studied frames, the non-linear static analysis was done on the frames via the PERFORM software so that they were placed under the increasing lateral load and after drawing the capacity curve the seismic parameters were extracted and were used as the Behavior factor of the mentioned frames the results of which are displayed in Table ( 2). In order to suggest an applied behavior factor for the frames with metal dampers for different states of beam-to-column connection the means of the behavior factors for each system within the frames with different stories are calculated and after making the numbers round, the following results are recommended as shown in Table ( 3). Table ( 2) it is found that as the structure height increases from 4 to 8 and 8 to 12 stories the structure behavior factor increases so that the structure behavior factor increases 21% in average for all four connection systems through the increase of structure height from 4 to 8 stories. However, as the structure height increases from 8 to 12 stories, the structure behavior factor increases 2% in average for all four connection systems. Therefore, it can be concluded that the structure Behavior factor depends on the frame height to a certain height and then the increase of height won't have a special effect on the computed Behavior factor.
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THE EFFECT OF ADDED DAMPING AND STIFFNESS (ADAS)
In order to investigate the effect of added metallic dampers and semi-rigid connections, the frames of the four stories studied in the previous section are compared with the frames without dampers and the results of investigation seismic parameters between the two series of frames are presented in this section. The parameters include the seismic period, base shear, relative displacement of stories (Stories drift) and the total stories displacement.
Comparison of the First Mode Seismic Period for the Studied Frames
In figure (7) , the first mode seismic period for the studied frames with and without dampers in four system states with joint, flexible semi-rigid, stiff semi-rigid and rigid connections is displayed.
According to the figures, frames with dampers have greater seismic period than frames without dampers. In the studied frames added dampers increased the average seismic period about as 32% in comparison to the similar frames without dampers. According to the above figures, as the rigidity increases from the joint to semi-rigid and from semi-rigid to rigid state, the seismic period of the structures decreases. The total results of seismic period changes of the studied frames in the research are displayed in Table (4) . Hard Semi-Rigid 8.9
Rigid 11.5
Comparison of the Base Shear of the Studied Frames
In figure (9) , the base shear of the studied frames with and without dampers in four system states with joint, flexible semi-rigid, stiff semi-rigid and rigid connections is displayed. According to the above figure, frames with dampers have less base shear than the frames without dampers. As it is observed the added dampers in the studied frame decreases the base shear by 34% compared with the similar frames without dampers.
According to the above figures, as the rigidity increases from the hinge to semi-rigid and from semi-rigid to rigid state, the base shear decreases. The total results of base shear changes of the studied frames in the research are displayed in Table (5) . 
Comparison of General and Relative Displacement of the Studied Frames Stories
In figure (10) , the relative displacement of the stories (stories drift)and in Figure ( 11) the displacement of the stories of four-story frames with and without dampers in four system states with joint, flexible semi-rigid, stiff semi-rigid and rigid connections is displayed.
In Figure ( According to the above figures, it is observed that the frames with dampers have more story displacement than the frames without dampers. Moreover, as the rigidity of the beam-to column connection increases in the studied frames the displacement of the stories will decrease.
In four-story frames with the connection of beam to the hinge column the added dampers will cause the increase of story displacement by 2.3% in comparison with the similar frames without dampers. The rate of story displacement for the frames with the connection of beam to flexible semi-rigid, stiff semi-rigid and rigid columns is respectively 23.8%, 20.9%, and 22.5% in comparison with similar frames without dampers. In average, the addition of dampers to fourstory frames leads to the increase of story displacement by 17.4%.
Moreover, the above figures indicate that as the rigidity increases from the hinge to semirigid and from semi-rigid to rigid state the story displacement decreases. The total results of the seismic period of the studied frames in the research are displayed in Table (6 
Comparison of the Weights of the Studied Frames with and without Dampers
In Table (7) the weights of the systems with and without dampers are compared in four system states with hinge, flexible semi-rigid, stiff semi-rigid and rigid connections. As it is observed in Table (7) , the frames with dampers have lower weight than the frames without dampers. In average, the comparison of the studied frames indicates that the frames with dampers are about 15% lighter than the frames without dampers.
CONCLUSION
It is observed that the frames with dampers have greater seismic period than the frames without dampers. In average, the added dampers in the studied frames increase the seismic period of the structure by 14%. The results are shown in Tables (4) and figure (8) .
It is also observed that the frames with dampers have less base shear than the ones without dampers which is observed in Figure (9 ). In the studied frames, the added dampers in average caused the decrease of base shear by 34% compared with the similar frames without dampers. Moreover, as the dampers are added to the studied frames the lateral displacement of the stories will increase.
As the connection stiffness increases, the structure behavior factor increases, too; so that as the connection rigidity increases from the hinge state to flexible semi-rigid and stiff semi-rigid and rigid state, the structure behavior factor for three different heights increases 10.7%, 13.9%, and 18.3% respectively in comparison with the hinge connection state.
The results are displayed in Tables (3) and figure (7) . It is also observed that as the connection rigidity increases, the structure seismic period decreases which is displayed in Tables   (4) and figure (8) .
Furthermore, it is observed that as the connection rigidity increases from the joint state to the semi-rigid and rigid state and as Behavior factor increases in the frames with dampers, the base shear deceases. In average, for four different heights of the studied frames with excurrent metallic dampers, the base shear of the structure with flexible semi-rigid, stiff semi-rigid and rigid connections decreases 9%, 12% and 15% respectively in comparison with similar frames with hinge connections. Moreover, as the rigidity of beam-to-column connection increases the frame displacement decreases which is observed in Figures (10) , (11) , and (12).
In addition, it is observed that the frames with damper have less weight than the frames without dampers. In average, the comparison of the studied frames indicates that the frames with dampers are about 15% lighter than the ones without dampers.
